For more than twenty years, the magnetic ordering of neodymium has presented fascinating problems, and the behaviour of this pure crystalline element is only now becoming understood. As it is cooled below its Nkel temperature of 19.9 K, dhcp neodymium undergoes a series of magnetic phase transitions [I-31 with various incommensurate wavevectors describing the ordering, until at 5 K and below, a typical Bragg point is surrounded by 36 magnetic satellites, as in figure 1. We shall describe some experiments which demonstrate that the complex low temperature pattern of satellites is the result of several domain orientations of a rather simpler structure; we shall also show one of the reasons why this structure is formed. A close examination of figure 1 shows that it contains just four distinct wavevectors, repeated by symmetry around the basal plane. The vectors come in two similar pairs: (a) a pair ql and qz lying along the (100) axes (b directions) and having two different lengths [4] close in value to 0.11 7100; (b) a pair q3 and q4 of length 0.18 7100, lying at two different distances from the b-axes, giving a group of four satellites [5] . If we assume that every part of a neodymium crystal giving such a pattern is in the same energy state, then eve? part of the crystal must contain at least one modulation vector of each type. The simplest way for this to occur would be for the basic magnetic structure to contain only four modulation vectors; the observed pattern would then be due to the addition of the scattering from several distinct domain orientations of this basic structure in different parts of the crystal. It is therefore likely that ql and qz do not share the same &direction, and similarly q a and q4. Indeed, if the low temperature structure of neodymium is analogous to that observed between 9 and 19 K [2, 3, 61 then we would expect q l and q 2 , and also q3 and qr , to form two double-q structures, each having wavevectors close to two of the three bdirections. However, even if we accept these arguments, they are insufficient to specify the magnetic structure and further information is required.
One source of information which can be obtained at low temperatures is the mixing of the ordering wavevectors to give L'intermodulation harmonics" .
These are due to the "squaring-up" of the sinusoidal modulation of an incommensurate structure which occurs at T << TN and leads to odd harmonics, of which the third is the strongest. In a single-q structure with wavevector q, the third harmonic would be at 3 q. In a multiple-q structure, intermodulation 3rd harmonics can occur at any combination qi f qj rt qk. The presence of such harmonics indicates that qi, qi and q k are present within a single domain, and the positions of the harmonics give the relative orientations of their constituent fundamental wavevectors. We emphasise that this technique may be applied in a multi-domain specimen to deduce the structure of a single domain.
We have carried out experiments on the four-circle diffractometer Dl0 at the Institut Laue-Langevin, Grenoble, to observe such harmonics as satellites Article published online by EDP Sciences and available at http://dx.doi.org/10.1051/jphyscol:19888150 around the (003) reciprocal lattice point at a temperature of 4.5 K and below. A detailed analysis of the results, which will be published elsewhere [7] , indicates that the low temperature magnetic structure of neodymium is indeed quadruple-q, and consists of two double-q structures, coupled together in a specific orientation. Rather than giving further details of the harmonic technique, we will describe the result of a recent neutron scattering experiment, which confirms our conclusion rather directly. This experiment was performed on the 2-circle diffractometer D20, also at the I.L.L. We measured the magnetic satellites around the Bragg point (100) with a magnetic field applied in the basal plane at about 5 degrees from the (100) direction. It should be mentioned that the satellites with vectors q3 and q4 have not previously been observed around this Bragg point because they are extremely weak: however the high flux and low background of the instrument D20 allowed us to detect them without difficulty.
At a temperature of 2 K, a field of 4.5 T was applied and then the field was reduced to 0.4 T, in the expectation that a single orientation of a 4 9 domain might -be favoured. This was indeed the case: the satellites observed corresponded to just four distinct q-vectors, the orientations of which are represented in figure 2 . The sample also remained almost entirely in this single domain orientation as the applied field was reduced to zero. At other applied fields and temperatures there were complex field-induced magnetic structures, which will be reported elsewhere [8] .
We close with the following remark about the 4 q structure shown in figure 2. We note that within experimental error the following vector relationship holds:
This in fact to be expected: it is a necessary condition for the existence of a non-zero fourth-order term in the free energy, which will couple together the modulations with these three q-vectors.
